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Saccoglossus is a transitory feature that
may correspond to the larval nervous
system of other enteropneusts.
This work opens up new avenues of
comparative CNS research. Clearly,
these data, together with the inverted
BMP patterning in acorn worms [17],
are consistent with the view that the
neural plate of the proboscis stem, the
collar cord, the circumesophageal tract
and ventral cord together correspond
to the chordate CNS as a whole and to
the CNS of other invertebrates where
inversion has not occurred, as
proposed earlier [16]. Yet, a more
detailed comparative picture still
remains to be drawn. So far, knowledge
of neuron types in enteropneusts and
of their differential distribution is rather
scarce and will require a much closer
inspection of a larger number of
neuronal markers. Also, a link with the
detailed orthologous gene expression
data in vertebrates, similar to that
described for Saccoglossus [14], will
have to be established. Only then will it
be possible to firmly homologise any
portion of the enteropneust CNS with
that of chordates or even annelids
or arthropods. As a start, the
concentration of GABAergic neurons in
the proboscis stem, apparently located
at the interface between the six3 and otx
territory [14], may correspond to
GABAergic populations in the vertebrate
[18] and in the annelid forebrain (R.
Tomer and D.A., unpublished results).
If indeed the CNS represents ancient
bilaterian heritage and vertebrates
inverted their DV axis, one prominent
problem still remains, as discussed by
Brunet and colleagues [5] (Figure 2):
The dorsal portions of the enteropneust
CNS are located exactly where the
chordates would have evolved their
(new) mouth — on their new ventral
(formerly dorsal) body side now facing
the substrate. How can we reconcile
this? Dohrn [4] had suggested that the
new chordate mouth evolved from the
ventral relocation of gill slits (Figure 2),
as is suggested by the amphioxus
mouth, which is thought to represent
a ventrally shifted gill slit [19] — hence
the name Branchiostoma, meaning ‘gill
slit mouth’. Interestingly, a strand of
neurogenic tissue has recently been
discovered along the amphioxus
ventral midline giving rise to scattered
neuronal precursors that further
migrate dorsally [20] before the mouth
takes its place. Future molecular
comparisons of the neuronal cell types
involved will reveal whether this
transitory neurogenic ventral strand
in amphioxus might be related to the
dorsal strand of neurons in acorn
worms or rather represents an
independent acquisition that either
could be an apomorphy or could be
related to a second wave of
centralisation: namely the dorsal
reunion of a primitive neuronal
population with placode-neural crest
characteristics. With these new insights
derived from mud- and sand-living
acorn worms, comparative research on
chordate nervous system evolution
appears more exciting than ever.
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R642Cancer: CINful Centrosomes
The regulation of centrosome number is lost in many tumors and the presence
of extra centrosomes correlates with chromosomal instability. Recent work
now reveals how extra centrosomes cause chromosome mis-segregation
in tumor cells.
Samuel F. Bakhoum
and Duane A. Compton*
Centrosomes are pivotal organizers
of the microtubule cytoskeleton and
their duplication and inheritance is
strictly controlled during the cell cycle
in a manner that parallels genome
duplication [1]. This control is lost
in many cancer cells, making the
presence of extra centrosomes
a discernible feature of many tumors
[2]. This defect has long been
associated with aneuploidy in cancer
and it is postulated that additional
centrosomes induce chromosome
mis-segregation, which then
contributes to tumorigenesis [3–6].
Dispatch
R643However, the relationship between
centrosome number and chromosome
content has always been correlative,
with no direct mechanism linking the
presence of additional centrosomes
to chromosomal instability (CIN). In
a recent study, Ganem and colleagues
[7] now break through this correlation
to demonstrate that extra centrosomes
induce CIN by exacerbating erroneous
attachments of chromosomes
to spindle microtubules.
To understand the fate of cancer cells
with extra centrosomes, the authors
used time-lapse video microscopy to
follow single cells as they proceeded
through division. This straightforward
strategy revealed that most tumor cells
efficiently cluster extra centrosomes
together into two spindle poles, as
previously shown [8,9]. The resulting
bipolar division yields viable progeny
that are competent for further rounds of
division. The new work showed that
the few cells that failed to cluster
centrosomes underwent multipolar
division (i.e. produced more than
two daughter cells), as previously
hypothesized [9]. However, progeny
from these aberrant multipolar
divisions were inviable; either never
dividing again or succumbing in
the subsequent abortive round of
division [7]. In addition, the frequency of
multipolar division in cancer cells that
had extra centrosomes wasw10-fold
lower than the chromosome mis-
segregation rate directly measured by
fluorescence in situ hybridization.
Together, these data dispel the popular
notion that extra centrosomes
contribute to CIN and aneuploidy by
inducing multipolar cell division [2,6].
Presumably, it is virtually impossible for
a daughter cell from a multipolar
division to inherit sufficient
chromosomes for viability. These
findings also fit with previous work
showing that aneuploidy and
chromosome mis-segregation can
reduce cellular viability [10,11], and
that massive changes in chromosome
content are not tolerated [12]. These
results continue a recent trend where
careful single-cell analyses have led
to dramatic insights into cancer
cell growth [10,13].
Building on those results, the
authors sought to understand the
incontestable correlation between
extra centrosomes and CIN.
Centrosomes are the dominant site
of microtubule organization during
mitosis and they direct the focusing ofBA
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Figure 1. Extra centrosomes increase merotelic kinetochore–microtubule attachments.
(A) Normal diploid cells build bipolar spindles through the direction of two centrosomes
(green). Spontaneously arising erroneous (merotelic) attachments of microtubules (black lines)
to chromosomes (blue) at kinetochores (red) are corrected (red lightning blot) prior to anaphase
onset to prevent chromosome mis-segregation. (B) Extra centrosomes in cancer cells induce
multipolar spindles prior to bipolarization through centrosome clustering (arrows). These
multipolar spindles increase the incidence of merotelic kinetochore–microtubule attachments
that persist into anaphase and cause chromosome lagging and mis-segregation.microtubules at spindle poles. Bipolar
spindles form in normal cells under the
direction of two centrosomes, and it is
well documented that cells with extra
centrosomes form multipolar spindles
during early mitosis [2] prior to spindle
bipolarization through centrosome
clustering [9]. Ganem et al. [7] suspected
that these transient multipolar states
created by extra centrosomes during
spindle morphogenesis would disturb
the proper attachment of microtubules
to chromosomes at kinetochores. Using
high resolution fluorescence
microscopy, they foundthatmitotic cells
with multipolar spindles (either naturally
occurring in cancer cells with extra
centrosomes or experimentally induced
in normal diploid cells by artificially
increasing centrosome numbers) exhibit
elevated frequencies of maloriented
kinetochore–microtubule attachments
[7]. Single kinetochores were attached
to microtubules emanating from two
or more centrosomes as opposed to
only one, a condition known as merotely
[14]. Merotelic attachments impair
chromosome segregation by causinglagging chromosomes during
anaphase [15] and they have been
shown to be the primary mechanism
of CIN in cancer cells [10,16]. Ganem
et al. [7] found that these merotelic
kinetochore–microtubule attachments
persisted even after the resolution of the
multipolar intermediate into a bipolar
structure through centrosome
clustering.
To bolster the link between extra
centrosomes and CIN, the authors
systematically examined the effect
of increasing the number of
centrosomes on chromosome
segregation. First, they doubled the
number of centrosomes in otherwise
chromosomally stable diploid cells
by inhibiting cytokinesis. Spindle
formation in these newly formed
tetraploid cells progressed through
transient multipolar stages prior to
clustering their extra centrosomes to
make bipolar spindles just like cancer
cells. This caused dramatic increases
in the rates of lagging chromosomes
and chromosome mis-segregation.
The authors then selected tetraploid
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their extra centrosomes and found
that these cells reverted to rates
of lagging chromosomes and
chromosome mis-segregation
comparable to normal diploid cells
with two centrosomes. Furthermore,
they selectively increased centrosome
numbers by overexpressing Polo-like
kinase 4 (PLK4), a key player in the
cell-cycle-dependent control of
centrosome number [17].
Overexpression of PLK4 generates
extra centrosomes by producing
additional centrioles that subsequently
disengage from one another.
Accordingly, PLK4 overexpression
increased frequencies of lagging
chromosomes 3-fold, but only after
centrioles disengaged and generated
extra centrosomes [7]. Combined,
these data elegantly demonstrate
that extra centrosomes induce CIN
by generating transient multipolar
spindles that elevate frequencies of
kinetochore–microtubule attachment
errors that lead to chromosome
mis-segregation (Figure 1).
Importantly, these results predict that
eliminating extra centrosomes from
long-term aneuploid cancer cells
should suppress their inherent CIN,
but this prediction remains to be
tested; such testing would be
important to further implicate the role
of extra centrosomes as common
inducers of CIN in cancer.
Merotelic attachments arise
naturally during mitosis as a
consequence of the stochastic
nature of kinetochore–microtubule
interactions, and in normal cells these
attachment errors are corrected prior to
anaphase onset to preserve genome
stability [18]. This correction process
relies on the release of mal-oriented
microtubules from the kinetochores
and is enabled by the dynamic
kinetochore–microtubule interface
[16]. The prevalence of merotelic
attachments is therefore determined
by the rate of their formation and the
rate of their correction, and two
observations presented by Ganem
and colleagues [7] bear on how those
rates impact CIN. First, they show that,
although the incidence of merotelic
attachments enhanced by multipolar
spindles decreases as cells progress
through mitosis and cluster
centrosomes to form bipolar spindles,
many attachment errors persist into
anaphase, giving rise to lagging
chromosomes [7]. This indicates thatthe machinery involved in correcting
merotelic attachments is relatively
inefficient and easily overwhelmed.
Second, they show that frequencies
of lagging chromosomes observed
in normal diploid cells engineered to
possess extra centrosomes does not
reach levels seen in cancer cells with
extra centrosomes, suggesting that
cancer cells with CIN may have
additional defects contributing to
elevated rates of attachment errors.
This also fits with other data showing
that, when merotelic attachments are
artificially elevated, normal cells
consistently exhibit fewer lagging
chromosomes than cancer cells with
CIN [10,16], and that many cancer
cell lines with a normal complement
of two centrosomes still exhibit
elevated rates of lagging chromosomes
[7]. Thus, extra centrosomes contribute
to CIN by elevating the rate of formation
of merotelic attachments, but other
mechanisms may be involved and
it remains to be determined
experimentally whether cancer cells are
inherently deficient at correcting
merotelic kinetochore–microtubule
attachments. Irrespective of the
causative defect, it has been shown
that increasing the correction efficiency
of merotelic attachments by promoting
kinetochore–microtubule turnover
reduces chromosome mis-segregation
and suppresses CIN [16].
The pathway leading tumor cells from
a diploid state to an aneuploid one has
been a matter of debate and some
hypothesize that tetraploidy is
an essential intermediate step [19].
For tumor cells with near tetraploid
karyotypes it has been proposed that
failure of cytokinesis is a key step in their
genesis and in tumor initiation [19]. In
addition to duplicating the genome,
failed cytokinesis also doubles the
number of centrosomes and the work
by Ganem et al. [7] shows how CIN
would be an inevitable consequence for
newly formed tetraploid cells.
Furthermore, central to the mechanism
for how extra centrosomes generate
CIN is the clustering of extra
centrosomes into bipolar spindles [9].
Centrosome clustering is beneficial to
cancer cells because it prevents
lethality caused by multipolar division
as shown by the authors, but that
benefit is balanced by the expense of
elevated rates of single chromosome
mis-segregation creating CIN.
Nevertheless, the results point to
a potentially new therapeutic strategywhereby chromosome mis-segregation
rates in aneuploid tumor cells with CIN
are intentionally elevated beyond
tolerable levels [20]. The results
presented by Ganem et al. [7]
suggest that inhibition of centrosome
clustering may be particularly effective
for that strategy because it would force
tumor cells with extra centrosomes
into a suicidal multipolar division [9].
Most importantly, this strategy would
spare normal cells with two
centrosomes, opening the door for
selective and targeted tumor therapy.
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Novelty Signals?
A new study indicates that signals distin
are present very rapidly in the human br
motivated by explicit reward instruction
Malcolm W. Brown
Normally, we are very good at judging
familiarity and recognising novelty.
Indeed, there is a classic paper by
Standing [1] entitled ‘Learning 10,000
pictures’ in which he established the
impressive capabilities of human visual
recognition memory. Subjectively, the
feeling of novelty or familiarity evoked
on encountering an item also seems
fast and effortless. In this issue of
Current Biology, Bunzek et al. [2]
provide new evidence for how rapidly
neural signals underlying such human
familiarity discrimination are
generated. Importantly, their study
further demonstrates that
motivational factors may have major
effects on findings from imaging
studies.
There is compelling evidence that the
medial temporal lobe plays a critical
role in detecting novelty [3–5]. In
particular, parts of the medial temporal
lobe centred on the perirhinal cortex
are strongly implicated in familiarity
discrimination for individual stimulus
items; typically, hippocampal novelty
signals involve spatial or complex
associational components [3,4].
Perirhinal cortex is a close neighbour
of the hippocampal formation in the
medial temporal lobe. It receives
information from all over the cerebral
cortex and has strong interconnections
with the hippocampus.
The evidence for the involvement of
perirhinal and adjacent cortex in
novelty detection comes from studies
of recognition memory. The(2007). Plk4-induced centriole biogenesis in
human cells. Dev. Cell 13, 190–202.
18. Cimini, D., Moree, B., Canman, J.C., and
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guishing between new and old stimuli
ain, but only when subjects are
s.
complement of novelty detection is
judgement of familiarity, the basis of
recognition memory. Over 20 years
ago, it was discovered that certain
neurons in the monkey medial
temporal cortex respond strongly to
novel stimuli, but only weakly to
familiar stimuli [6]. As this effect in the
monkey may involve a quarter of the
region’s neurons [7,8], this cortex
produces a large signal when a novel
item is encountered. The involvement
of this cortex has been confirmed by
subsequent work in monkeys and
rats [3,9] and, more recently,
humans. Thus, recent functional
magnetic resonance imaging (fMRI)
Figure 1. Novelty latency in monkey
temporal cortex.
The top panel illustrates the responses of
a neuron recorded in monkey anterior inferior
temporal cortex to presentations of novel
and familiar stimuli. One stimulus was shown
on each trial. Peristimulus histograms show
the average firing rate for novel and for
familiar stimuli. Dots beneath each histogram
show the times of occurrence of individual
action potentials on each trial. The middle
panel shows the cumulative action potential
count after stimulus onset for the novel and
for the familiar trials. Statistical analysis es-
tablished that a difference was present in
the 60–90 ms time bin (and all subsequent
bins). In the lower panel is shown the result
of averaging such individual neuronal cumu-
lative action potential counts across the pop-
ulation of neurons whose responses change
with stimulus familiarity. Statistical analysis
[8] indicated that novel and familiar popula-
tion responses first differed in the 60–90 ms
time bin. (Upper two panels adapted with
permission from [9].)20. Lengauer, C., Kinzler, K.W., and Vogelstein, B.
(1998). Genetic instabilities in human cancers.
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